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The Fermilab Accelerator ComplexThe Fermilab Accelerator Complex
•• Main Injector (150 GeV proton Main Injector (150 GeV proton 

storage ring) replaces Main Ring storage ring) replaces Main Ring 
(the original accelerator);(the original accelerator);

•• Completely revamped stochastic Completely revamped stochastic 
cooling system for antiprotons;cooling system for antiprotons;

•• A new permanent magnet Recycler A new permanent magnet Recycler 
storage ring for antiprotons;storage ring for antiprotons;

•• Increased number of p and pIncreased number of p and p--bar bar 
bunches :bunches :

6 6 36 (396 ns) 36 (396 ns) ~100 (132 ns)~100 (132 ns)

•• Higher center of mass energy      Higher center of mass energy      
2 2 TeVTeV achivedachived increasing the   increasing the   
beam Energiesbeam Energies

900 900 980 GeV980 GeV
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TevatronTevatron ColliderCollider ImprovementsImprovements
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PhysicsPhysics OpportunitesOpportunites

•• TopTop
•• HiggsHiggs
•• QCDQCD
•• ElectroweakElectroweak
•• B B PhysicsPhysics
•• New New PhenomenaPhenomena
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TevatronTevatron RunRun I  I  HistoryHistory

LLtottot = 110 pb= 110 pb--11 TeVs 8.1=

RunRun 1A 1A 
(1992(1992--1993)1993)

RunRun 1B 1B 
(1994(1994--1996)1996)

Discovered: top, BDiscovered: top, Bcc, diffractive…, diffractive…
Measured: MMeasured: MWW, M, Mtoptop, , σσ(t), sin2(t), sin2ββ, …, …
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Run II Luminosity Expectations

2000       2002      2004      2006     2008

Tevatron Run 1 LuminosityTevatron Run 1 Luminosity

0.1 fb0.1 fb--11

2 x 102 x 103232

cmcm--22 ss--11

5 x 105 x 103232

cmcm--22 ss--11

TeVs 2=

~ 1 yr to get x 10~ 1 yr to get x 10
Steady progress after that…Steady progress after that…

Run I   Run I   (Oct 92 (Oct 92 Feb 96) Feb 96) 
~ 120~ 120--11 pbpb/Detector/Detector

2 fb2 fb--1      1      15 fb15 fb--11
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Recent Machine Performance

•• Peak luminosity still low but improvingPeak luminosity still low but improving
–– X2 since January 2002X2 since January 2002
–– Best 2x10Best 2x103131

•• Delivered/on tapeDelivered/on tape
–– 40/25 pb40/25 pb--1

Recent Machine Performance

2001           2001           20022002

1

DeliveredDelivered

On tapeOn tape

•• Near TermNear Term

–– > 60 pb> 60 pb--11 by July shutdownby July shutdown
–– > 100 pb> 100 pb--11 by end of 2002by end of 2002
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Short term Luminosity ProspectsShort term Luminosity Prospects

–– Massive effort put into understanding and improving Massive effort put into understanding and improving 
LuminosityLuminosity

•• Fixed Accumulator Fixed Accumulator MI opticsMI optics
•• Much work on stabilizing tunes in injection and low beta Much work on stabilizing tunes in injection and low beta 

squeezesqueeze
•• Fight large antiproton Fight large antiproton emittancesemittances
•• Work on accumulator lattice to reduce beam heatingWork on accumulator lattice to reduce beam heating

–– Access early June to add transverse cooling to Access early June to add transverse cooling to 
accumulator is expected to improve accumulator is expected to improve L L by factor by factor 22––44

–– Max luminosity achievable Max luminosity achievable without Recycler ~8x10without Recycler ~8x103131

(maybe by the end of 2002)(maybe by the end of 2002)

–– Need recycler to get to Need recycler to get to 22 xx 10103232

•• Major shutdown in October ’02 to finish Recycler workMajor shutdown in October ’02 to finish Recycler work
•• Full benefits of Recycler ~Summer 2003Full benefits of Recycler ~Summer 2003
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EndplugEndplug CalorimeterCalorimeter
TrackingTracking

Layer 00 Layer 00 
SVX IISVX II
ISLISL
COTCOT

Front End ElectronicsFront End Electronics
Trigger (Trigger (pipelinedpipelined))
DAQ SystemDAQ System
MuonMuon SystemsSystems
LuminosityLuminosity MonitorMonitor
TOFTOF
OfflineOffline SoftwareSoftware

SUSY02,  SUSY02,  
HamburgHamburg

COTCOT
CMX Mini skirt

IMU

CMX

CMP

SiSi trackingtracking
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•• Central Outer Tracker (COT)Central Outer Tracker (COT): : 
–– open cell drift chamber open cell drift chamber 
–– maximum drift time 100nsmaximum drift time 100ns

•• Small cell size, Fast gasSmall cell size, Fast gas
–– single hit resolution ~200 single hit resolution ~200 µµmm
–– excellent pattern recognition  excellent pattern recognition  
–– improved stereo capabilitiesimproved stereo capabilities

•• Silicon Tracker System:Silicon Tracker System:
–– increased increased zz coverage (length ~ 1m) coverage (length ~ 1m) 
–– ηη coverage up to coverage up to | | ηη | < 2 | < 2 
–– 33--DD track reconstruction  track reconstruction  
–– impact parameter resolution impact parameter resolution 

•• σσφφ < 30 < 30 µµmm
•• σσzz < 60 < 60 µµmm

•• 3 different detectors:  3 different detectors:  ≈750,000 channels≈750,000 channels
–– L00:L00: inner most, R= 2.5 cm, inner most, R= 2.5 cm, radrad--hard, SShard, SS
–– SVXII:SVXII: 5 layers, 3<R<10 cm, DS (90 and 5 layers, 3<R<10 cm, DS (90 and sassas))
–– ISL:ISL: 2 layers, 10<R<20 cm and large 2 layers, 10<R<20 cm and large η, η, DSDS

COT into CDFIICOT into CDFII

Trigger SystemTrigger System:: two main  two main  
improvements improvements 
••XFT: track reconstruction at L1XFT: track reconstruction at L1
••SVT: displaced track triggering at L2SVT: displaced track triggering at L2

The CDFII Tracking SystemThe CDFII Tracking System
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•• Improved z coverage of Silicon tracker Improved z coverage of Silicon tracker 
+50% of Run I geometrical acceptance (+50% of Run I geometrical acceptance (……top)top)

•• 3D 3D vertexingvertexing capabilities capabilities 
better fake rejectionbetter fake rejection

•• Track reconstruction can be extended to Track reconstruction can be extended to 
1<1<ηη<2 <2 several major effects:several major effects:
–– bb--taggingtagging (recover ~30% of (recover ~30% of bb’’ss in in tttt events) events) 
–– lepton IDlepton ID (electrons in Plug calorimeter)(electrons in Plug calorimeter)

•• Increased Increased muonmuon system acceptance by 12% system acceptance by 12% 
affects trigger, ID and SLT efficiencyaffects trigger, ID and SLT efficiency

Run II detector improvementsRun II detector improvements

13131313SLT(bSLT(b--jet)jet)
65654444SVX(bSVX(b--jet)jet)

Run IIRun IIRun IRun IEfficiencies (%)Efficiencies (%)
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CDFCDF--II StatusII Status

•• Detector:Detector:
–– All systems installed and commissioned;All systems installed and commissioned;

•• DAQ and trigger:DAQ and trigger:
–– Running physics trigger table with Running physics trigger table with > 100> 100 trigger paths since Feb ‘02trigger paths since Feb ‘02

•• NewNew SVTSVT very successfulvery successful
–– Typical running conditions:Typical running conditions:

•• L1L1: : 3.5KHz3.5KHz L2: L2: 200 Hz200 Hz L3: L3: 20 Hz20 Hz

•• Data processing:Data processing:
–– Reconstruction farm keeps up with data loggingReconstruction farm keeps up with data logging
–– Physics groups skim data:Physics groups skim data:

•• Observe signals from low and high PObserve signals from low and high PTT triggers:  triggers:  ψψ, D, B, W, Z, D, B, W, Z
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Run IRun I SuccessesSuccesses
W Mass MeasurementW Mass Measurement

Top quark discovery (CDF&D0)Top quark discovery (CDF&D0)
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Run II Physics HighlightsRun II Physics Highlights

Study Electroweak Symmetry BreakingStudy Electroweak Symmetry Breaking
Precision EW MeasurementsPrecision EW Measurements

Precise MPrecise MWW measurement (measurement (101077 ((IIaIIa) ) –– 101088 ((IIbIIb) events) events););
Better Better MMtoptop measurement measurement ((10k (10k (IIaIIa) ) –– 75k (75k (IIbIIb) events ) events -- ∆∆MMtoptop≈ 2≈ 2--3 GeV/c3 GeV/c22));;
Better Better toptop Cross Section Measurement Cross Section Measurement ((∆∆σσ((tttt))≈ 8%≈ 8% ));;
Investigation of the Top properties;Investigation of the Top properties;

Direct Searches for EWSB mechanismsDirect Searches for EWSB mechanisms
the Standard Model Higgsthe Standard Model Higgs
SUSYSUSY

Searches for New Searches for New PhenamenaPhenamena
SUSY;SUSY;
Large Extra Dimensions;Large Extra Dimensions;
QCD tests: probe distance scales below 1 QCD tests: probe distance scales below 1 millimilli fermifermi;;

Study CP Violation and the CKM MatrixStudy CP Violation and the CKM Matrix
XXss Measurement (Measurement (up to ~60up to ~60););
sin2sin2β β Measurement, + Measurement, + αα, , γγ

CP violation using BCP violation using B→→J/J/ψψ KK00
s  s  ((B B J/J/ψψ KKSS µµµµ KKSS 15k(IIa) 15k(IIa) –– 100k (100k (IIbIIb))))

CP violation using B CP violation using B →π→π+ + ππ--

Rare Decays: e.g. BRare Decays: e.g. B±± →µµ→µµ KK±±
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Beginning to look at PhysicsBeginning to look at Physics

•• Electroweak:Electroweak:
–– Z Z →→ eeee, , µµ  µµ  Samples;Samples;
–– W W →→ eeνν and W and W →→ µνµν Samples;Samples;
–– W W →→ τντν better samples better samples fomfom betterbetter ττ−−ID;ID;

•• Top PhysicsTop Physics
–– First top candidates;First top candidates;
–– top in top in dileptondilepton will be done first will be done first 

•• No bNo b--tag is necessary;tag is necessary;
•• Smaller backgrounds.Smaller backgrounds.

•• Bottom/Charm PhysicsBottom/Charm Physics
Reconstruction of B mesons;Reconstruction of B mesons;
Reconstruction of CharmsReconstruction of Charms
Beginning to develop analysis tools, look at ratesBeginning to develop analysis tools, look at rates
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Z Z →→ eeee, , µµµµ CandidatesCandidates
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W W →→ eeνν and W and W →→ µνµν CandidatesCandidates
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W W →→ τντν CandidatesCandidates

Very clean Very clean tautau samples:samples:

•• Increased detector performances Increased detector performances 
•• better better tautau ID algorithms;ID algorithms;
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Top Top dielectrondielectron candidatecandidate
Run= 136286  Run= 136286  -- Event= 54713Event= 54713

TEjjeett ''' /+−+→

EETT(e(e++) = 73 ) = 73 GeVGeV
EETT(e(e--) = 56 ) = 56 GeVGeV
MET = 43 MET = 43 GeVGeV
EETT(jet(jet11) = 35 ) = 35 GeVGeV
EETT(jet(jet22) = 34 ) = 34 GeVGeV

•• pass Run I pass Run I dielectrondielectron
Analysis cuts;Analysis cuts;

•• Displaced vertex as expected Displaced vertex as expected 
from the from the b’sb’s;;
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J/J/ΨΨ →→ µµ++µµ−−

First checks on physics:First checks on physics:
–– Inclusive B lifetime from J/Inclusive B lifetime from J/ψψ

consistent with expectations:consistent with expectations:
•• ccττBB ~ 470 mm (~ 470 mm (unbinnedunbinned fit)fit)

–– SystematicsSystematics still out of still out of 
controllcontroll !!

•• Prompt Prompt ψψ fraction ~ 85%fraction ~ 85%
–– Consistent with lower PConsistent with lower PTT cut cut 

relative to Run I;relative to Run I;

A clear J/A clear J/ΨΨ signal:signal:
•• Improved J/Improved J/ΨΨ yield yield (factor 2(factor 2--

3 over Run I);3 over Run I);
•• CMU or CMX CMU or CMX MuonsMuons;;

–– Sample of 60,492 Sample of 60,492 J/J/ψ;ψ;
–– cross section as expected cross section as expected (~9nb(~9nb););
–– ΓΓ = 21.6 ± 0.1 MeV/c= 21.6 ± 0.1 MeV/c22;;
–– ΓΓ ≈ 16 with SVX II;≈ 16 with SVX II;
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First BFirst Buu, , BBdd, B, Bss signalssignals

BBss
BBdd

BBuu

BB±± Mesons (L≈ 11pb)Mesons (L≈ 11pb)
•• Selection cutsSelection cuts

–– LLxyxy> 0;> 0;
–– PPTT(B)> 6.0 (B)> 6.0 GeV/cGeV/c
–– Vertex quality cuts

BBss Mesons (L≈ 11pb)Mesons (L≈ 11pb)
•• Selection cutsSelection cuts

–– LLxyxy> 0;> 0;
–– PPTT(B)> 5.0 (B)> 5.0 GeV/cGeV/c
–– Vertex quality cutsVertex quality cuts
–– Mass window on PhiMass window on Phi

Lxy

b
do

Vertex quality cuts
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Side Effects: Lots of Charms from SVT… Side Effects: Lots of Charms from SVT… 
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•• Large charm yield      Large charm yield      BUTBUT
•• poor particle ID;poor particle ID;
•• Trigger bias;Trigger bias;
•• Prompt and secondary charmPrompt and secondary charm

Charm Studies in progress:Charm Studies in progress:
–– Understanding best use of the sampleUnderstanding best use of the sample
–– Cross section;Cross section;
–– Ratio of direct versus B producedRatio of direct versus B produced
–– Rare decaysRare decays
–– CP ViolationCP Violation120 K120 K40 K40 K20 M20 M1 M1 M60 K60 K

FocusFocusE791E7912 fb2 fb--11100pb100pb--116 pb6 pb--11
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TOF System PerformanceTOF System Performance

•• 110 110 psps of average resolution of average resolution 
(from preliminary calibration)(from preliminary calibration)

•• Getting close to Getting close to 100 100 psps goal;goal;

TOF + track TOF + track informationsinformations

Cut on TOF infoCut on TOF info
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Conclusions
•• CDF Detector is working well:CDF Detector is working well:

–– Trigger:Trigger: All of L1, much of L2;All of L1, much of L2;
–– Detector:Detector: All major systems are working; All major systems are working; 
–– Offline:Offline: All major parts are working;All major parts are working;

•• (still) Some concern (still) Some concern becousebecouse::
–– TevatronTevatron ColliderCollider Luminosity is still too low;Luminosity is still too low;
–– L00 is still working on pedestal problems;L00 is still working on pedestal problems;
–– SVX coverage is still not complete (for trigger performance)SVX coverage is still not complete (for trigger performance)

•• Started to look at PhysicsStarted to look at Physics
–– Reconstruction of bottom/charm, investigation of tools Reconstruction of bottom/charm, investigation of tools 

((TOF,vertexingTOF,vertexing, etc), etc)
–– W's, Z's, and top candidatesW's, Z's, and top candidates

•• Luminosity ExpectationsLuminosity Expectations
–– Possibly 100Possibly 100--200 pb200 pb--1 by end 2002,  1 by end 2002,  2fb2fb--1 by 20041 by 2004
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